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Some biochemical effects of the repeated administration to rabbits of DDT (5 mg/kg), carbaryl (5 mg/kg), and parathion (0.5 mg/kg) were studied during 222 days. No significant changes were found in the blood or urine levels of amino acids. The tubular phosphorus reabsorption remained unaltered. The blood coagulation time was considerably shortened in the treated animals. The urinary excretion of 5-hydroxy-3-indoleacetic acid (5-HIAA) and 4-hydroxy-3-methoxymandelic acid (YMA) was higher in treated animals as compared to that of controls, indicating an increased rate of metabolism of serotonin and catecholamines, respectively. This increased metabolism is in turn believed to be a consequence of increased biosynthesis and release of biogenic amines caused by a "stress mechanism" induced by the administered pesticides. The amounts of 5-HIAA and VMA returned to normal 45 days after cessation of treatment.
Extensive studies and reviews have been pub lished of the clinical aspects and symptomatology of pesticide poisoning, of the manner in which the body handles pesticides, and of residues of pesti cides and their ultramicrochemical determination. In contrast, there are very few published reports of controlled experimental studies of the biochemical effects after prolonged exposure to pesticides. If any general public health problem exists because of pollution of food, water, or air with pesticides, it is at low levels of prolonged exposure. For this 1 P. M. Tocci, Abstract 88, Division of Agricultural and Food Chemistry, 156th Meeting of the American Chemical Society, Atlantic City, New Jersey, Sept. 9 -13, 1968. reason, it became important to orient research to biochemical and pharmacological effects of such ex posure to pesticides. T o c c i1 reported that humans with occupational exposure to a wide range of unidentified pesticides develop renal tubular dysfunction, aminoacidemia, and aminoaciduria. W il l s et al. 2 administered carbaryl to human volunteers and presented data indicating that the ability of the proximal convoluted tubule to reabsorb amino acids was decreased. Our studies are an attempt to reproduce these findings in a laboratory animal so as to facilitate more fun damental studies of the mechanisms of action under more rigorously controlled experimental conditions than those usually possible in man. Other para meters were included as the study progressed.
Experimental
New Zealand white male rabbits weighing 1700 -2300 g each were used throughout this investigation and were maintained on Purina rabbit chow. Five ani mals received a daily dose of pesticides consisting of a mixture of 5 mg of DDT */kg body weight, 5 mg of carbaryl **/kg, and 0.5 mg of parathion ***/kg, admi nistered orally in 2 ml of peanut oil. Another group of five rabbits was treated daily with the same mixture at twice the concentration; a third group of five ani mals received only peanut oil and served as controls. Treatment was continued for 222 days. The amount of pesticide administered was adjusted every six weeks to correspond to the increase in weight of the animals.
The animals were kept in metabolism cages in order to obtain urine samples free from feces. Blood samples wrere taken by heart puncture or from the ear vein.
The a-amino acid nitrogen content of plasma was determined weekly for 14 weeks according to the method of F r a m e et a l.3, with /?-naphthoquinone-4-sulfonic acid as the reagent. The same procedure was used for the determination in urine after the inter fering ammonia had been removed by adjusting the pH to 12.2 -12.5 with 0.1 n sodium hydroxide and passing a stream of nitrogen into the solution for 15 -20 min.
The tubular phosphorus reabsorption (TPR), in volving phosphorus and creatinine concentrations in both plasma and urine, was used as an index of kidney function. Inorganic phosphorus in blood and urine was determined by the method of F i s k e and S u b b a r o w 4 and cereatinine w as determined by the J a f f e reac tion 5.
The total plasma proteins were determined colorimetricallv with biuret reagent 6 on the 13th, 16th, and 19th weeks after the beginning of treatment. The elec trophoretic pattern of plasma proteins was also studied each week during the first 19 weeks; two plasma samples from each group were analyzed using acrylamide gel and Tris-HCl buffer, pH 8.1.
Hemoglobin was assayed over 100 days of treat ment; whole blood catalase activity was also assayed by the method of M iller 7 during the same period. Blood coagulation time at 14 and 21 weeks was deter mined by the capillary procedure; blood was allowed to flow from the ear vein into a capillary tube and coagulation was checked every 15 sec by breaking a portion of the tube.
Possible effects on carbohydrate metabolism were investigated at 19 and 21 weeks by determining the fasting serum glucose level, using the o-toluidine reagent8. The metabolism of catecholamines was in vestigated after 100 days of treatment by determining the metabolite of epinephrine and norepinephrine, 4-hydroxy-3-methoxymandelic acid (V M A ), in the urine according to the procedure of P isa n o et a l . s. The major metabolite of serotonin (5-hydroxytryptamine), 5-hydroxy-3-indoleacetic acid (5-HIAA), was deter mined in the urine by the method of U d e n f r ie n d et a l . 10 at the same time intervals described for V M A . In addition, both V M A and 5-HIAA were assayed 45 days after the cessation of treatment. Blood serotonin was also determined by the method of Udenfriend et al. u .
The data in this paper were analyzed by one-way analysis of variance to test for differences in treatment means. The F-statistic was used to find the significance level. W hen the differences were significant, the ap propriate P value was determined.
Results
Throughout the 222 days of treatment, no clini cal signs characteristic of pesticide poisoning were observed. The treated animals gained weight at a rate similar to that of the control animals.
After 14 weeks of treatment the levels of amino acid nitrogen in both plasma and urine were similar to those at 0 time and no significant difference was observed between the three groups ( Table 1 ). The differences in the amino acid nitrogen: creatinine ratios were also insignificant. Similarly, TPR values at 14 weeks did not vary significantly from those at 0 time and values for the treated groups did not dif fer from those of the control group, indicating that the reabsorption of phosphorus by the tubules was not affected by the pesticide treatment ( Table 1 ).
The amounts of creatinine excreted into urine per 24 hr were fairly consistent; the ranges were 92 -137, 84 -128, and 81 -130 mg for the con trol, low-dose, and high-dose animals, respectively.
After 13, 16, and 19 weeks of treatment, the ranges of the total plasma protein concentrations (g/100m l plasma) were 7.24 -8.36, 7.11 -7.98, and 7.30 -8.36 for the control, low-dose, and highdose animals, respectively. These values were not significantly different for any group. No detectable change in the electrophoretic patterns of the plasma proteins could be observed at any week during the first 19 weeks.
Erythrocytes from all animals (control and treated) had the same degree of fragilty. Hemoglo bin concentration was fairly constant over a period of 100 days. During the same period, the activity of the closely related hemoprotein catalase remained unaltered, indicating that the biosynthesis of these hemoproteins in the bone marrow was not impaired.
During the 15th to 17th weeks of treatment, fasting serum glucose values were 64 -76, 66 -68, and 64 -79 mg/100 ml for the control, low-dose, and high-dose animals, respectively, showing that the administered pesticides did not significantly af fect carbohydrate metabolism. Nitroprusside reagent did not give a positive reaction for acetone bodies in the urine of any animal. Table 2 shows that blood coagulation time was reduced in the treated animals after 14 and 21 weeks. These differences were highly significant ( P < 0.01 for both treated groups as compared with the control group). However, the effect on coagula tion time was not progressive during the time of study. After 100 days of treatment with the pesticide mixture the excretion of VMA by the treated ani mals was 190 -300% higher than that of the con trols. Levels of this metabolite remained fairly con stant and elevated during the period of observation, as is evident by the values at 200 days. Administra tion of the pesticides was stopped after 222 days; after 45 days of recovery the VMA had returned to or approached pre-treatment levels. Some treated ani mals (one-third of all treated) did not excrete high amounts of urinary VMA, resulting in the relatively high values for the standard errors. These results are shown in Table 3 . Table 4 . Urinary excretion of 5-hydroxy-3-indoleacetic acid (5-HIAA). a Group means ± SE of 7 consecutive weekly determinations, b Means ± SE of 3 -5 animals. Table 4 shows that the treated animals also ex creted significantly higher amounts of 5-HIAA than did the control group. As with VMA, the 5-HIAA values returned to or approached normal 45 days after cessation of treatment. Blood serotonin values of the pesticide-treated groups were not significantly different from those of the untreated group.
Discussion
Prolonged administration of a mixture of parathion, carbaryl, and DDT to rabbits did not alter the amino acid level in blood or urine. It is possible that species differences may account for the in creased level of amino acids in the blood and urine which has been reported in humans exposed to various unidentified pesticides1. These humans, who were occupationally exposed to the pesticides also had kidney insufficiency, as indicated by low phos phorus reabsorption 1. The TPR values we obtained for treated animals were all within the normal range and there was no indication of such insufficiency. The protein and carbohydrate metabolism apparent ly remained unaffected.
The reduction in coagulation time observed in the treated animals is believed to be one of the mani festations of non-specific stress. Stress provokes a significant response of the pituitary-adrenal axis with the resultant increase in the release of adreno cortical hormones. These hormones are known to distinctly shorten the coagulation time.
The increase in urinary excretion of VMA is probably related to an increased rate of metabolism of catecholamines. Stress, which is presumably caused by the repeated administration of the pesti cides, induces an increased release of catecholamines. This might result in an increased rate of metabolism with subsequent higher levels of VMA in the urine, and finally a depletion of the amine stores of cer tain tissues and/or acceleration of the amine bio synthesis processes. St a v i n o h a and R ie g e r 12 re ported that an acute dose of DDT increased the urinary excretion of epinephrine and norepinephrine in rats. The adrenals were believed to contribute to this increase, since they were found to be depleted of the amines. An indirect effect through the central nervous system on the adrenals has not been pre cluded.
12 W . B. S t a v i n o h a and J. A. R i e g e r , j r . , Toxicol, appl.
Pharmacol. The elevation of urinary 5-HIAA in the pesticidetreated animals is probably the result of an in creased rate of serotonin metabolism. Various stres sors are known to elevate the brain level of bio genic amines. It is suggested that the repeated ad ministration of pesticides may be associated with " stress" , producing an elevation of brain serotonin and consequent increase in its biosynthesis and de gradation 13. 5-HIAA is transferred directly from the brain to the plasma 14. In support of the "stress hypothesis" is the fact that the increase in urinary 5-HIAA was no longer detectable after the with drawal of the stressor (cessation of treatment). The animals which excreted the highest amounts of VM A also eliminated the highest amounts of 5-HIAA, suggesting that a common mechanism underlies the alteration in the metabolism of these biogenic amines. central nervous system, increased release of epine phrine from the adrenal medulla might result in increased urinary VMA. Increased glucocorticoid secretion might be the result of an indirect action on the adrenal cortex through the central nervous system.
Most of the treated animals showed varying de grees of diuresis (the increase in urine output ex ceeded 100% in some animals). The mechanism by which this diuretic response is induced is not known. The findings reported in this paper might be the result of interaction of one or more of the admini stered pesticides. However, there is some evidence that DDT largely contributes to these effects (un published data). Further studies are necessary to clarify the various mechanisms. H. M e t z n e r described 2 a model for the photosynthesis of green plants consisting of a) the photolysis of AgCl sensitized by chlorophyll, reaction of Cl' with H20 to give 0 2 and Cl®, and b) regeneration of Ag® by reductive cleavage of Janus Green (1) by Ag. It is shown that under reaction conditions described the latter process is of no importance the main reaction being the well-known sequence a), and in part destruction of 1 by Cl' formed in the course of a).
